I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

Breast cancer is a heterogeneous disease and consists of several distinct histopathological, immunohistochemical (IHC), and gene expression based subtypes.\[[@ref1]\] Gene expression based studies using DNA microarray have superseded the traditional histological classification as the genetic/molecular classification not only classify the breast cancer but also have prognostic and therapeutic implications also.\[[@ref2]\]

DNA microarray profiling has classified breast carcinoma into 5 subtypes. Luminal A: ER+, PR+/-, and HER2-; Luminal B: ER+, PR+, and HER2+; Basal like: ER-, PR-, and HER2-; HER2 enriched: ER-, PR-, and HER2+, and normal breast like.\[[@ref3][@ref4]\]

Although gene expression DNA microarray studies are the gold standard to identify and classify breast carcinoma, major disadvantage being sophisticated, expensive, and need expertise.\[[@ref5]\] Contrary to it, the IHC method is cheaper, easy to reproduce, and can be easily performed as a routine procedure in laboratories; hence, many researchers attempted to use IHC result interchangeable to gene expression profiling.\[[@ref6]\]

The term basal-like and triple negative breast cancer (TNBC) most often used interchangeably as there is overlap of clinical and biological behavior of these two tumor, but they are not synonymous.\[[@ref7]\] Approximately, 75% of basal-like are triple negative, but 25% of them may express HER2 or hormone receptor.\[[@ref3]\] TNBC are characterized by lack of expression of ER, PR, and HER2 with or without high Ki-67 index, whereas basal-like cancers are positive for basal markers such as 5/6 and 17.\[[@ref3][@ref4][@ref8]\] TNBC accounts for 10%--25% of all breast cancer and are characterized by more aggressive behavior and poor prognosis; hence, an accurate diagnosis is must before any therapeutic intervention started.\[[@ref9]\]

Fine-needle aspiration cytology (FNAC) is widely used as a screening procedure to detect breast cancer at an early stage. FNAC is a safe, fast, inexpensive, easy, and reproducible test that can accurately diagnose carcinoma thus can guide clinician for the treatment protocol including breast conservation therapy. A well-fixed cytological specimen adjunct with cell block can be an important diagnostic tool for ICH and other molecular assay tool, and cytomorphological analysis may many times help in predicting the molecular phenotype of breast cancer.\[[@ref10][@ref11][@ref12][@ref13][@ref14]\]

There are several studies describing the clinical and histological features of the TNBC, but only few studies describe the cytological features of TNBC.\[[@ref14][@ref15][@ref16][@ref17]\] The study was conducted with an aim to evaluate the cytomorphological characters of TNBC and to compare with those of non-TNBC types.

M[ATERIALS AND]{.smallcaps} M[ETHODS]{.smallcaps} {#sec1-2}
=================================================

The current study was a retrospective study conducted on 256 patients of breast carcinoma from a period of July 2009 to July 2017 operated for breast malignancy. The data of patients operated for breast cancer were retrieved. The tumors in which the IHC markers were available were included in the study. FNA specimen, histological, and IHC sections (ER, PR expression, HER2 over expression, and Ki-67 index) of all cases were analyzed.

Hematoxylin and eosin and Papanicolaou (PAP) stained cytological smears were reviewed again by two pathologists who were blinded to the hormone receptor and HER2 status. Following cytological features were included for analysis: cellularity (scant, +; moderate, ++; or cellular, +++), tubule/gland formation (defined as group of polarized cells forming tubule or gland-like structures: absent, 0; few, +; or many, ++), syncytial clusters (defined as groups of cells with inconspicuous, intercellular membranes, and nuclear overlapping: absent, 0; few, +; or many, ++), large bare nuclei (defined as large single high grade malignant nuclei without cytoplasm: absent, 0; few, +; or many, ++), nuclear atypia (mild,+; moderate, ++; or marked, +++), chromatin pattern (fine or hyperchromatic), cell borders (well-defined or ill-defined), nucleolus (absent, 0; few, +; or many,++), cytoplasm (scant or abundant), lymphocytic infiltrate (absent, 0; few, +; or many, ++), calcification (present or absent), and necrosis (absent, 0; few, +; or many, ++).

Histological findings were analyzed for the following parameter: histological type and modified Bloom Richardson grade, lymph-node status, margins, necrosis, and stromal lymphoid aggregates.

For the study, TNBC were defined as those that were immuno-histochemically ER, PR, and HER2 negative. Non- TNBC were defined as those that were positive for any of these markers.

Hormone receptor analysis was performed on specimen. Formalin fixed paraffin embedded blocks were recut at a thickness of 4 micron on Poly --L lysine coated slide followed by deparaffinization and rehydration into the descending grades of alcohol into water. Antigen retrieval was done using citrate buffer using pressure cooker heating method. Sections were stained for ER, PR, HER-2, and Ki-67 according to the protocol provided by the manufacturer. The clones used were as follow, ER- RBT11, PR- RBT22, HER2- RBT-HER2, and Ki-67-EP5, bio SB, Santa Barbara, CA 93110 U.S.A.

ER and PR results were screened manually. The percentage of malignant cells with positive nuclear staining and intensity of staining (0, negative staining; +, weak staining; ++, intermediate staining; or +++ strong staining) were recorded for each case and interpreted as positive when \>1% tumor cells show positive nuclear staining. All cases with negative staining were regarded as negative. HER2 staining results were scored as follows: 0, no membrane staining; +, partial membrane staining in \>10% of tumor cells with no complete circumferential staining; ++, circumferential membrane staining in \>10% of tumor cells, and +++, circumferential membrane staining in \>30% of tumor cells. For statistical analysis, cases with +++ staining were considered positive.

The Ki-67 index is a non-histone nuclear protein present in increased number in proliferating cells. A minimum of 500 malignant cells were examined, percentage of positive stained cells were recorded, and a cut-off of 20% was considered as high Ki-67 index. Analysis of all the data of each case was done, the Fischer\'s exact test was used to compare TNBC and non-TNBC for each cytological variable, and a *P* \< 0.05 was considered statistically significant.

R[ESULTS]{.smallcaps} {#sec1-3}
=====================

Out of total 256 cases, 82 cases (32%) tumors were identified triple negative after IHC examination. The mean age of patient recruited was 46.2 years. The mean age of menarche was 12 years in cases of TNBC group as compared to 13 years in non-TNBC group. The mean age of child birth was 20.3 years as compared to 20.9 years in non-TNBC group. Majority of the patient belong to the 40--60 years age group (51.2% in TNBC vs. 47.15% in non-TNBC group). On comparing the clinical data of the groups for risk factors such as age of the patient, age of menarche, age at first childbirth, and history of oral contraceptive pill (OCP) intake, there were no statistically significant differences between the two groups \[[Table 1](#T1){ref-type="table"}\]. Menopausal status evaluation revealed more premenopausal patients in the TNBC group compared to non--TNBC, and the difference was statistically significant. Similarly, tumor size more than 5 cm was observed in TNBC (75.6%) as compared with non-TNBC (56.3%), and the finding was statistically significant. Positive axillary lymph node was observed in 80.5% cases in TNBC as compared to 63.2% in non-TNBC group, and the data was significant statistically. On modified Bloom Richardson grading of the tumor, the tumors in TNBC group (31.7% cases) were of higher than grade 3 as compared to non TNBC (16.1%), and the difference was statistically significant. Local recurrence was significantly more common in TNBC group (9.7%) than the non-TNBC group (4.6%), but this was statistically not significant. The histological classification of TNBC and non-TNBC was shown in [Table 2](#T2){ref-type="table"}. Majority cases from both categories were diagnosed as infiltrating duct carcinoma not otherwise specified (NOS). Comparison of cytological characters of TNBC and non-TNBC showed statistically significant difference on Fisher\'s exact test (*P* value \< 0.05) \[[Table 3](#T3){ref-type="table"}\]. TNBC group had more cellular smears, more syncytial cell cluster, scant tubule/gland formation as compared to non-TNBC (*P* value \< 0.05). Similarly, large bare nuclei, nuclear atypia, ill-defined borders, necrosis, and lymphocytic cell infiltrate were more common in TNBC group as compared to non-TNBC group \[[Figure 1](#F1){ref-type="fig"}\], and these were significant statistically. Although multiple nucleoli were present in TNBC group, the data were not significant statistically. Similarly, no significant difference was observed for chromatin pattern, cytoplasm character, and calcification.

###### 

Comparison of clinical feature of TNBC and non-TNBC

  Clinical feature     Status       TNBC (*n*=82)   Non-TNBC (*n*=174)   *P*
  -------------------- ------------ --------------- -------------------- --------
  OCP intake           Present      7 (8.5%)        21 (12.1%)           0.5208
  Absent               75 (91.4%)   153 (87.9%)                          
  Menopausal status    Pre          50 (61%)        74 (42.5%)           0.0073
  Post                 32 (39%)     100 (57.5%)                          
  Tumor size           \>5 cm       62 (75.6%)      98 (56.3%)           0.0035
  \<5 cm               20 (24.4%)   76 (43.7%)                           
  Node                 Positive     66 (80.5%)      110 (63.2%)          0.0006
  Negative             16 (19.5%)   64 (36.8%)                           
  Distant Metastasis   Present      54 (65.9%)      54 (31%)             0.0001
  Absent               28 (34.1%)   120 (69%)                            
  Histological grade   I/II         56 (68.3%)      146 (83.9%)          0.0054
  III                  26 (31.7%)   28 (16.1%)                           
  Recurrence           Present      8 (9.7%)        8 (4.6%)             0.1636
  Absent               74 (90.2%)   166 (95.4%)                          

OCP: Oral contraceptive pill

###### 

Histological diagnosis of TNBC and non-TNBC

  ---------------------------------------------------------------------
  Histological diagnosis                      TNBC\        Non-TNBC\
                                              (*n*=82)     (*n*=174)
  ------------------------------------------- ------------ ------------
  Infiltrating duct carcinoma NOS grade I     07 (8.5%)    53 (30.4%)

  Infiltrating duct carcinoma NOS grade II    36 (43.9%)   84 (48.3%)

  Infiltrating duct carcinoma NOS grade III   26 (31.7%)   28 (16.1%)

  Apocrine carcinoma                          02 (2.4%)    \-

  Medullary carcinoma                         04 (4.9%)    \-

  Medullary-like                              05 (6.1%)    \-

  Metaplastic carcinoma                       02 (2.4%)    \-

  Papillary carcinoma                         \-           04 (2.3%)

  Infiltrating lobular carcinoma              \-           05 (2.9%)
  ---------------------------------------------------------------------

NOS: Not otherwise specified

###### 

Comparison of cytological characters of TNBC and non-TNBC

  Parameter                 Status         TNBC (*n*=82)   Non-TNBC (*n*=174)   *P*
  ------------------------- -------------- --------------- -------------------- -----------
  Cellularity               Scant+         04 (4.9%)       32 (18.4%)           0.014846
  Moderate++                24 (29.2%)     44 (25.3%)                           
  Cellular+++               54 (65.8%)     98 (56.3%)                           
  Tubules/gland formation   Absent         72 (87.8%)      76 (43.6%)           \<0.00001
  Few                       08 (9.7%)      36 (20.6%)                           
  Many                      02 (2.4%)      62 (35.6% )                          
  Syncytial clusters        Absent         06 (7.3%)       110 (63.2%)          \<0.00001
  Few                       32 (39.0%)     34 (19.5%)                           
  Many                      44 (53.7%)     30 (17.2%)                           
  Large bare nuclei         Absent         16 (19.5%)      62 (35.6%)           0.000912
  Few                       28 (34.1%)     58 (33.3%)                           
  Many                      48 (58.5%)     54 (31.0%)                           
  Nuclear atypia            Mild           12 (14.6%)      72 (41.3%)           \<0.00001
  Moderate                  24 (29.3%)     78 (44.9%)                           
  Marked                    46 (56.1%)     24 (13.8%)                           
  Chromatin                 Fine           52 (63.4%)      122 (69.5%)          0.3159
  Hyperchromatic            30 (36.6%)     52 (29.3%)                           
  Cell borders              Well-defined   21 (25.6%)      124 (71.3%)          \<0.0001
  Ill-defined               61 (74.4%)     50 (28.7%)                           
  Nucleoli                  Absent         13 (15.8%)      24 (14.4%)           0.650509
  Few                       34 (41.5%)     65 (37.3%)                           
  Many                      35 (42.7%)     85 (48.8%)                           
  Cytoplasm                 Scant          24 (29.3%)      58 (33.3%)           0.5674
  Abundant                  58 (70.7%)     116 (66.7%)                          
  Lymphocyte                Absent         12 (14.6%)      48 (27.6%)           \<0.00001
  Few                       25 (30.5%)     121 (69.5%)                          
  Many                      45 (54.9%)     15 (8.6%)                            
  Calcification             Absent         77 (93.9%)      158 (90.8%)          0.4724
  Present                   05 (6.1%)      16 (9.2%)                            
  Necrosis                  Absent         24 (29.2%)      105 (60.3%)          \<0.00001
  Few                       28 (34.1%)     48 (27.6%)                           
  Many                      30 (36.6%)     21 (12.1%)                           

![(a) TNBC showing mainly dispersed cell population with no or little tubule formation. (Papanicolaou stain × 400) (b) Cell displaying atypia. (Papanicolaou stain × 400) (c) Cells predominantly lying in syncytial clusters. (Haematoxylin and eosin ×100) (d) Large bare nuclei (arrows in a and d) and background show lymphocytic cell infiltrate.(Haematoxylin and eosin ×100)](JCytol-36-84-g001){#F1}

D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

TNBC contributes a major portion in mortality despite being its small proportion among all breast cancers. Although a lot has been studied about the clinical characteristics, histological, and IHC features of TNBC, only a few studies have been done in relation to cytomorphological features of the TNBC.\[[@ref14]\] In the current study, we analyze the clinical as well as cytomorphological features of TNBC.

The prevalence of TNBC ranges between 27%--35% with an average of 31% in different previous studies.\[[@ref3][@ref18]\] Current study also had a prevalence rate of 32% for TNBC category. The mean age of presentation in current study was 46 years, which was slightly younger than the one described in western data but similar to studies on Indian subcontinent patients.\[[@ref8][@ref19]\]

Axillary lymph node involvement (80.5%), tumor size more than 5 cm at the time of presentation (75.6%), increase relapse rate (9.7%), higher visceral metastasis (65.9%), and high modified Bloom Richardson\'s histological grade (grade 3) (31.7%) in cases of TNBC and all the data were comparable with other studies.\[[@ref20][@ref21][@ref22]\]

Current study analyzed the TNBC and non-TNBC, on the basis of the following criteria\'s such as cellularity, tubules/gland formation, syncytial clusters, large bare nuclei, nuclear atypia, chromatin pattern, cell borders, nucleoli, cytoplasm characteristics, lymphocytic cell infiltrate, calcification, and necrosis.

According to study of Dufloth *et al*., necrosis, prominent nucleoli, and abundant cellularity are the criteria more frequently associated with basal phenotype of breast carcinoma.\[[@ref14]\] Similarly, other studies observed that nuclear findings such as large or naked nuclei, irregular nuclear margins, multiple nucleoli along with lymphocytic infiltrate, and squamous metaplasia are significantly associated with basal-like tumor than non-basal subtypes.\[[@ref22][@ref23][@ref24]\]

In the present study, we demonstrate that increased cellularity, less or absent tubules formation, syncytial clusters formation, large bare nuclei, nuclear atypia, ill-defined cell borders, increased lymphocytic infiltrate, and necrosis were the parameters significantly associated with TNBC. Although contrary to other studies chromatin pattern, number of nucleoli, and cytoplasm character were statistically non-significant parameters to differentiate between TNBC and non-TNBC.\[[@ref25]\]

Many studies had described the cytological criteria\'s to diagnose medullary, medullary-like, and metaplastic carcinoma,\[[@ref26]\] but in current study, we observed only few cases of above said malignancies; hence data were found to be insufficient for detail morphological studies of these malignancies.

Although many studies described the cytomorphological characteristics of TNBC provided by FNAC, FNAC must be supported by IHC and molecular analysis on cytological material obtained by FNAC for definite diagnosis as an accurate diagnosis is highly recommended because TNBCs are most of the time inevitably highly aggressive tumors that can be treated from specific chemotherapy and other modalities.

In conclusion, FNAC can be helpful in making diagnosis of TNBC and along with ER, PR, and HER2 characterization, helpful in planning treatment strategy, saving time, manpower, and resources in the patient.
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